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1
AUTOMATIC SAMPLING SYSTEM FOR
SAMPLING FROM ENCLOSED CONTAINERS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/722,742, which was filed on Nov. 5, 2012
and is incorporated herein by reference in its entirety.

FIELD

The present disclosure is directed to an automatic aseptic
sampling valve and methods of using the same.

BACKGROUND

Obtaining samples from containers or other systems that
support biologically and/or chemically active environments
can require complex and careful sampling procedures to
avoid contamination of the containers or the environment
itself. For example, most bioreactors require frequent sam-
pling (e.g., one or more times a day) to monitor and control
the conditions and levels of nutrients needed for cell growth.
To reduce the risk of contamination within such systems,
conventional sampling techniques generally require opera-
tors to perform multiple, labor-intensive steps.

SUMMARY

In some embodiments, the sampling systems and methods
disclosed herein provide consistent sampling procedures for
obtaining samples of a desired quality, while reducing the risk
of contamination of the enclosed container and the need for
labor-intensive operator attention.

In one embodiment, a sampling system for collecting a
fluid sample from an enclosed container is provided. The
system comprises (a) a sampling module having a sample
collection valve operable between an open position and a
closed position, a chamber, and a moveable member within
the chamber; (b) a first outlet valve operable between a waste
delivery position and a non-waste delivery position; (¢) a fluid
flow path interconnecting the sample collection valve and
first outlet valve; (d) a sanitizing fluid valve; and (e) a purging
gas valve. The sampling module can withdraw a sample from
the enclosed container into the chamber when the sample
collection valve is in the open position, and the moveable
member can discharge the sample from the chamber and into
the fluid flow path of the sampling system for subsequent
analysis when the sample collection valve is in the closed
position.

In some embodiments, the sampling module comprises a
syringe pump and the moveable member comprises a piston
member within a chamber of the sampling module. The sys-
tem can also include a pump member that is operatively
coupled to the sampling module to cause the moveable mem-
ber to move within the chamber to discharge fluid from within
the chamber.

In some embodiments, after discharge of the sample for
subsequent analysis and with the first outlet valve in the
non-waste delivery position, a sanitizing fluid can be intro-
duced into the fluid flow path via the sanitizing fluid inlet to
sanitize the apparatus along the fluid flow path. After sanitiz-
ing the apparatus, the first outlet valve can be moved to the
waste delivery position and a gas can be introduced into the
fluid flow path and discharged out the first outlet valve.
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The sanitizing fluid inlet can be at an upstream portion of
the fluid flow path and the first outlet valve can be at a
downstream portion of the fluid flow path. The sanitizing fluid
can flow through the fluid flow path from between the sani-
tizing fluid inlet to the first outlet valve to sanitize the fluid
flow path therebetween.

In some embodiments, the non-waste delivery position of
the first outlet valve comprises a first orientation wherein the
sample in the fluid flow path can pass through the first outlet
valve for subsequent analysis and a second orientation
wherein no fluid can pass through the first outlet valve. The
sanitizing fluid inlet and gas inlet can both be positioned
upstream of the sample collection valve.

In another embodiment, a method of collecting a fluid
sample from an enclosed container is provided. The method
can include positioning a sampling module within a dip tube
port of the enclosed chamber; opening a sample collection
valve in the sampling module and drawing a fluid sample
from the enclosed container into a chamber of the sampling
module; directing the fluid sample out of the chamber along
the fluid flow path; discharging the fluid sample out of the
fluid flow path for subsequent analysis; closing a waste valve
and directing sanitizing fluid through a sanitizing fluid inlet
along the fluid flow path past the closed sampling valve to
sanitize the fluid flow path; and discharging the sanitizing
fluid out of the fluid flow path.

In some embodiments, after discharging the sanitizing
fluid but before drawing another fluid sample, the method
also includes opening the waste valve and directing a gas
through a gas inlet and along the fluid flow path and discharg-
ing the gas through the open waste valve to purge the sanitiz-
ing fluid from the fluid flow path. In other embodiments, the
act of directing the fluid sample out of the chamber along the
fluid flow path can include causing a piston to move towards
the fluid sample to force the fluid sample out of the chamber.

The foregoing and other objects, features, and advantages
of' the invention will become more apparent from the follow-
ing detailed description, which proceeds with reference to the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1illustrates a schematic view of a sampling system for
obtaining samples from enclosed containers.

FIGS. 2A-2B illustrate schematic views of the sampling
module shown in FIG. 1.

FIG. 3 illustrates a schematic view of a sampling system
and its method of operation, including drawing a sample from
a container.

FIG. 4 illustrates a schematic view of a sampling system
and its method of operation, including purging a sample from
a sampling module.

FIG. 5 illustrates a schematic view of a sampling system
and its method of operation, delivering a sample from a sam-
pling module.

FIG. 6 illustrates a schematic view of a sampling system
and its method of operation, including purging a sample from
a sampling module.

FIG. 7 illustrates a schematic view of a sampling system
and its method of operation, including flushing a sampling
module.

FIG. 8 illustrates a schematic view of a sampling system
and its method of operation, including flushing a sampling
module.

FIG. 9 illustrates a schematic view of a sampling system
and its method of operation, including purging sanitizing
fluids from a sampling module.
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FIG. 10 illustrates a schematic view of a sampling system
and its method of operation, including purging gas from a
sampling module.

FIG. 11 illustrates a schematic view of a sampling system
and its method of operation.

FIG. 12 illustrates a schematic view of a sampling system
and its method of operation.

DETAILED DESCRIPTION

Various embodiments of sampling systems and their meth-
ods of use are disclosed herein. The following description is
exemplary in nature and is not intended to limit the scope,
applicability, or configuration of the invention in any way.
Various changes to the described embodiment may be made
in the function and arrangement of the elements described
herein without departing from the scope of the invention.

As used in this application and in the claims, the singular
forms “a,” “an,” and “the” include the plural forms unless the
context clearly dictates otherwise. Additionally, the term
“includes” means “comprises.” Further, the term “coupled”
generally means electrically, electromagnetically, and/or
physically (e.g., mechanically or chemically) coupled or
linked and does not exclude the presence of intermediate
elements between the coupled or associated items absent
specific contrary language.

The terms “upstream” and “downstream” are not absolute
terms; instead, those terms refer to the direction of flow of
fluids within a channel or pathway. Thus, with regard to a
structure through which a fluid flows, a first area is
“upstream” of a second area if the fluid flows from the first
area to the second area. Likewise, the second area can be
considered “downstream” of the first area.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
percentages, measurements, distances, ratios, and so forth, as
used in the specification or claims are to be understood as
being modified by the term “about.” Accordingly, unless oth-
erwise indicated, implicitly or explicitly, the numerical
parameters set forth are approximations that may depend on
the desired properties sought and/or limits of detection under
standard test conditions/methods. When directly and explic-
itly distinguishing embodiments from discussed prior art, the
embodiment numbers are not approximates unless the word
“about” is recited.

Although the operations of exemplary embodiments of the
disclosed method may be described in a particular, sequential
order for convenient presentation, it should be understood
that disclosed embodiments can encompass an order of
operations other than the particular, sequential order dis-
closed. For example, operations described sequentially may
in some cases be rearranged or performed concurrently. Fur-
ther, descriptions and disclosures provided in association
with one particular embodiment are not limited to that
embodiment, and may be applied to any embodiment dis-
closed.

Enclosed containers, such as bioreactors can require sam-
pling one or more times during a day to monitor cell growth.
Conventional sampling techniques are generally labor inten-
sive and require multiple steps. If sampling is to be performed
multiple times within a day, operators are generally required
to be available during those times to perform the conventional
labor-intensive steps in conventional sampling processes.

The systems and methods described herein provide
improved sampling techniques for obtaining samples from
enclosed containers. Although these systems and methods
can be manually operated, in some embodiments the opera-

10

25

40

45

4

tion of these systems and methods can be automated to reduce
the amount of operator supervision required during opera-
tion.

FIG. 1 illustrates a sampling system 100 for obtaining a
sample from an enclosed container 102 or other similar con-
tainers or systems that support biologically and/or chemically
active environments. Sampling system 100 includes a sam-
pling module 104 that can receive a sample and deliver the
sample along a fluid flow path 106 to another location. For
example, as shown in FIG. 1, the sample can be delivered
along the flow path 106 to an outlet valve 108. Outlet valve
108 can open or close to allow or restrict, respectively, the
flow of samples through outlet valve 108. After the sample
exits outlet valve 108, the sample can be directed into another
location, such as a sample/analyzer 110 for analysis, process-
ing, and/or delivery to another system for analysis and/or
processing. In one embodiment, the sample/analyzer 110 can
comprise an automated analyzer, such as a bioprofile analyzer
available from Nova Biomedical of Waltham, Mass.

The samples that are dispensed from outlet valve 108 for
analysis or processing are desirably representative of the
materials in the enclosed container 102 at the time the sample
was taken. To reduce the risk of contamination, dilution, or
alteration of the composition of the samples taken from
sample collection valve 104 and delivered through flow path
106, a sanitizing fluid can be delivered through a portion of
flow path 106 that comes into contact with the samples.

To introduce the sanitizing fluid into flow path 106, a
sanitizing fluid inlet valve 114 is provided upstream of sam-
pling module 104. Sanitizing fluid inlet valve 114 is operable
between a closed position that restricts fluid flow through
sanitizing fluid inlet valve 114 and an open position that
allows fluid flow through sanitizing fluid inlet valve 114. In
some embodiments, some or all of the valves can be biased
closed.

In one embodiment, the sanitizing fluid is any fluid that can
sanitize, disinfect, or sterilize the valve. The sanitizing fluid
can be a liquid, a gas, or a combination thereof. Sanitizing
fluids include steam, ethylene oxide, glutaraldehyde, formal-
dehyde, formalin, chlorine gas, hypochlorite, bromine, hypo-
bromite, iodine, hypoiodite, bromine chloride, chlorine diox-
ide, ozone, hydrogen peroxide, monochloramine,
dichloramine, trichloramine, quatinary ammonium salts,
ethanol, 70% ethanol/water, isopropanol, 70% isopropanol/
water, peroxyacetic acid, and peracetic acid. In one embodi-
ment, the sanitizing fluid is steam. In another embodiment,
the sanitizing fluid is ethylene oxide. In another embodiment,
the sanitizing fluid is glutaraldehyde.

A gas inlet valve 116 can also be provided upstream of
sampling module 104 to deliver a gas through flow path 106.
The gas can eliminate and/or reduce the amount of sanitizing
fluid remaining within flow path 106 after flow path 106 is
exposed to the sanitizing fluid. The sanitizing fluid can clean
the path and/or remove any material from previous samples in
the area contacted by the sanitizing fluid. Gas inlet valve 116
is operable between a closed position that restricts the flow of
gas through gas inlet valve 116 and an open position that
allows the flow of gas through gas inlet valve 116. In one
embodiment, the gas comprises compressed air.

As shown in FIG. 1, at least some portion of the gas path
overlaps with the sanitant path, which in turn overlaps at least
in part with flow path 106, to permit the gas to purge the
sanitant from flow path 106. For example, as shown in FIG. 1,
a second gas inlet valve 117 can be provided in the vicinity of
sanitizing fluid inlet valve 114.

FIGS. 2A and 2B illustrate additional details of an exem-
plary sampling module 104. In this embodiment, sampling
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module 104 can comprise a syringe pump and valve inte-
grated system. In one embodiment, sampling module 104 can
comprise a relatively compact cylinder that can be mounted
directly on a dip tube port of an enclosed container 102. As
described in more detail below, the system can take samples
from an enclosed container 102 (e.g., whole broth samples)
by drawing a sample into the pump and then pushing the
sample at positive pressure to a desired delivery location (e.g.,
sample/analyzer 110).

Sampling module 104 can have a sample collection valve
119 that can move between a closed and open position. When
sample collection valve 119 is in the open position, a sample
can be drawn from the enclosed container 102 into sampling
module 104. Sample collection valve 119 can comprise a
valve stem 121 coupled to a first piston 123. First piston 123
can be coupled to abias member (e.g., by spring member 125)
so that sample collection valve 119 is biased towards the
closed position. When first piston 123 is moved upwards,
valve stem 121 also moves upwards and opens sample col-
lection valve 119.

In the exemplary embodiment, air-operated valves can uti-
lize air pressure to move first piston 123 as desired to open or
close sample collection valve 119. For example, as shown in
FIG. 1, a gas inlet valve 116 can be coupled to air source and
the upward movement of first piston 123 results in sample
collection valve 119 opening.

Although the operation of first piston 123 (and, in turn
sample collection valve 119) is described herein as controlled
by pneumatic operation, it should be understood that other
control mechanisms that are capable of moving first piston
123 in the manner described are possible.

Referring again to FIGS. 2A and 2B, a second piston 129
can be provided that is movable within a chamber 131 of
sampling module 104. Second piston 129 can be configured
to move freely within chamber 131. When sample collection
valve 119 opens, second piston 129 can move upward to allow
sample to be drawn into chamber 131. To discharge sample
(or sanitizing fluid) from chamber 131, second piston can be
forced to move downward thereby forcing the sample (or
sanitizing fluid) from chamber 131.

The means by which second piston 129 can be controlled to
discharge fluid from chamber 131 can vary. In one embodi-
ment, for example, a pump member 133 can be operatively
coupled to a second pump inlet 135 on sampling module 104.
Inlet 135 is positioned above second piston 129 and by apply-
ing positive pressure above second piston 129, pump member
133 can cause second piston 129 to move downward and
discharge a sample (or sanitizing fluid) from chamber 131.

If desired, pump member 133 can also provide a negative
pressure on second piston 129 to cause it to move upwards.
However, because the enclosed container contents are gener-
ally under pressure, second piston 129, at least in some cases,
will be forced upward by the pressure of the sample (or
sanitizing fluid) and additional forces from pump member
133 may not be required to draw the same.

FIGS. 3-11 are schematic representations of the operation
of sampling system 100. As described in more detail below,
sampling system 100 can be inserted into the enclosed con-
tainer 102 and can operate to sanitize or sterilize a flow path
from the point of insertion with enclosed container 102
through the closed pathway of flow path 106. By being able to
sanitize or sterilize the entire path downstream of the inser-
tion point of sampling system 100 into enclosed container
102, the possibility of contaminating the enclosed container
102 and/or the samples captured from the enclosed container
102 is reduced.
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FIGS. 3-11 illustrate an exemplary operation of system 100
to draw a sample from an enclosed container 102 in chamber
131 of sampling module 104. As shown in FIG. 3, gas inlet
valve 116 can be opened (along with any additional valves
between gas inlet valve and sampling module 104) and a
negative pressure can be applied at first gas inlet 127 of
sampling module 104, creating reduced pressure above first
piston 123 and causing first piston 123 to move upward. As
first piston 123 moves upwards, sample collection valve 119
moves into the open position, allowing a sample to be drawn
in to chamber 131.

As shown in FIG. 4, the sample obtained from the enclosed
container can be purged to prime chamber 131 to receive
another sample. To purge the sample, sample collection valve
119 is closed and pump member 133 causes second piston
129 to move downward to force the sample from chamber
131. Outlet valve 108 can be opened so that the sample can be
delivered through flow path 106 to a waste area.

After the chamber 131 has been primed by the initial
sample, another sample can be drawn by the same mechanism
noted above in FIG. 3. Once the second sample is drawn,
sample collection valve 119 can be closed and pump member
133 causes second piston 128 to again move downward to
discharge the second sample from chamber 131 to another
location for further analysis. For example, FIG. 5 illustrates
outlet valve 108 opened to deliver the second sample to a
different location than that shown in FIG. 4. The different
location can comprise, for example, a sample/analyzer 110 as
shown in FIG. 1.

FIG. 6 illustrates a sanitizing procedure in which a sanitiz-
ing fluid is directed into flow path 106 through an open
sanitizing fluid inlet valve 114. To flush the system, the
sample collection valve is closed and sanitizing fluid is
directed along flow path 106, including along the portions of
flow path 106 that are in contact with samples that are drawn
from the enclosed container 102 and dispensed from flow
path 106. For example, sanitizing fluid is directed along flow
path 106 past sample collection valve 119 to outlet valve 108.
As sanitizing fluid comes into contact with the internal sur-
faces that define flow path 106, those surfaces are sanitized or
sterilized.

As shown in FIG. 7, once the sanitizing fluid flushes the
fluid flow path, the sample collection valve can remain closed
and the outlet valve 108 can be opened to permit sanitizing
fluid to be dispensed to a waste area. To further flush the
delivery line, sanitizing fluid can also be directed along the
path to the sample/analyzer 110 as shown in FIG. 8.

Referring now to FIG. 9, sanitizing fluid inlet valve 114 is
closed and first and second gas inlet valves 116, 117 can be
opened to allow a gas (e.g., air) to enter flow path 106. As
shown in FIG. 9, gas can also be directed along flow path 106,
including along the portions of flow path 106 that sanitizing
fluid contacted. In this manner, any remaining sanitizing fluid
can be purged from flow path 106. If desired, a filter (e.g., a
sterile air filter) can be provided upstream of gas inlet valve
116 to ensure that the gas that enters flow path 106 is substan-
tially free of impurities and/or contaminants. FIG. 10 illus-
trates additional purging of sanitizing fluid along the path to
the sample/analyzer 110. As shown in FIGS. 9 and 10, the
second piston can be cycled up and down.

FIG. 11 illustrates the system ready to obtain the next
sample with all valves are closed. To start the process over
again, a priming sample can be drawn as described above and
as shown in FIG. 3.

FIG. 12 illustrates another exemplary embodiment of a
sampling system. The sampling system depicted in FIG. 12 is
similar to that shown in FIGS. 3-11, except two outlet valves
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111, 113 are positioned downstream of sampling module 104.
At least one of the outlet valves (e.g., 113) can open to allow
delivery of samples or waste to a vessel 115. In this embodi-
ment, the sample can be delivered to vessel 115 from which
all or a portion of the sample can be drawn into an analyzer.
Waste can be discharged through outlet valve 111. Alterna-
tively, waste (e.g., primed sample, sanitizing fluid, purge gas)
can be discharged through vessel 115.

The systems disclosed herein can be used with various
enclosed containers, including small scale bioreactors where
they may be particularly advantageous. For example, in such
embodiments, a low dead volume sample pump and concen-
tric actuated foot valve mounted on a dip tube port of a reactor
can draw small samples—either manually or automatically—
from a bioreactor with little or no dilution of the sample.
Thus, in operation, a foot valve can be opened and the piston
of'the pump can be drawn up a fraction of its capacity to pull
a small sample (e.g., <1 ml) into the pump cavity (i.e., cham-
ber). The foot valve can then be closed and the contents of the
pump can be pushed to waste to purge the dip tube and prime
the pump for the actual sample. The foot valve can be opened
a second time and a full sample volume (as specified by
operator settings) can be pulled into the pump and the valve
can be closed. The sample can then be pumped through
valves, as controlled by a controller, to the sample destina-
tion. As described herein, the sample delivery can be followed
by a flush of a sanitizing solution and air purge to waste.

Using the systems described herein, very small whole
broth samples (e.g., 10 ml or less) can be drawn and delivered
to desired destination, including destinations that are signifi-
cantly removed from the bioreactor itself (e.g., 30 feet or
more away). In some embodiments, sampling cycle time can
be 5 minutes or less. In addition, sample sizes can be readily
adjusted by simply adjusting the length of travel of the piston
during sample collection.

The automated sampling systems described herein can
advantageously allow for more frequent collection of data,
reduce sampling variation and human error associated with
the capturing of samples, and reduce costs by reducing labor
requirements associated with manual sampling.

In view of the many possible embodiments to which the
principles of the disclosed invention may be applied, it should
be recognized that the illustrated embodiments are only pre-
ferred examples of the invention and should not be taken as
limiting the scope of the invention. Rather, the scope of the
invention is defined by the following claims. We therefore
claim as our invention all that comes within the scope and
spirit of these claims.

We claim:

1. A sampling system for collecting a fluid sample from an
enclosed container, the system comprising:

(a) a sampling module having a sample collection valve

operable between an open position and a closed position,
a chamber, and a moveable member within the chamber;

(b) afirst outlet valve operable between an open and closed

position;

(c) a fluid flow path interconnecting the sample collection

valve and first outlet valve;

(d) a sanitizing fluid valve operable to permit sanitizing

fluid to be delivered into the fluid flow path; and

(e) a purge gas valve operable to permit purge gas to be

delivered into the fluid flow path;

wherein the sampling module can withdraw a sample from

the enclosed container into the chamber when the
sample collection valve is in the open position, and the
moveable member can discharge the sample from the
chamber and into the fluid flow path of the sampling
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system for subsequent analysis when the sample collec-
tion valve is in the closed position.

2. The system of claim 1, wherein the sampling module
comprises a syringe pump and the moveable member com-
prises a piston member within the chamber of the sampling
module.

3. The system of claim 1, further comprising a pump mem-
ber, the pump member being operatively coupled to the sam-
pling module to cause the moveable member to move within
the chamber to discharge fluid from within the chamber.

4. The system of claim 1, wherein the first outlet valve
opens to allow the sample to pass through the first outlet
valve.

5. The system of claim 4, further comprising a vessel for
storing the sample after it passes through the first outlet valve.

6. The system of claim 4, wherein the first outlet valve
opens to allow a sanitizing fluid to pass through the first outlet
valve for delivery to a waste area.

7. The system of claim 4, further comprising a second
outlet valve that opens to allow a sanitizing fluid to pass
through the first outlet valve for delivery to a waste area.

8. A sampling system for collecting a fluid sample from an
enclosed container, the system comprising:

(a) a sampling module having a sample collection valve

operable between an open position and a closed position,
a chamber, and a moveable member within the chamber;

(b) a first outlet valve operable between a waste delivery

position and a non-waste delivery position;

(c) a fluid flow path interconnecting the sample collection

valve and first outlet valve;

(d) a sanitizing fluid inlet into the fluid flow path; and

(e) a gas inlet into the fluid flow path;

wherein the sampling module can withdraw a sample from

the enclosed container into the chamber when the
sample collection valve is in the open position, and the
moveable member can discharge the sample from the
chamber and into the fluid flow path of the sampling
system for subsequent analysis when the sample collec-
tion valve is in the closed position.

9. The sampling system of claim 8, wherein the sanitizing
fluid inlet and the gas inlet comprise a single inlet into the
fluid flow path.

10. The sampling system of claim 9, further comprising a
sanitizing fluid reservoir.

11. The sampling system of claim 8, wherein the sampling
module comprises a syringe pump and the moveable member
comprises a piston member within the chamber of the sam-
pling module.

12. The sampling system of claim 8, further comprising a
pump member, the pump member being operatively coupled
to the sampling module to cause the moveable member to
move within the chamber to discharge fluid from within the
chamber.

13. The sampling system of claim 8, wherein, after dis-
charge of'the sample for subsequent analysis and with the first
outlet valve in the non-waste delivery position, a sanitizing
fluid can be introduced into the fluid flow path via the sani-
tizing fluid inlet to sanitize the sampling system along the
fluid flow path, and

wherein, after sanitizing the sampling system, the first

outlet valve can be moved to the waste delivery position
and a gas can be introduced into the fluid flow path and
discharged out the first outlet valve.

14. The sampling system of claim 8, wherein the sanitizing
fluid inlet is at an upstream portion of the fluid flow path and
the first outlet valve is at a downstream portion of the fluid
flow path, and a sanitizing fluid can flow through the fluid
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flow path from between the sanitizing fluid inlet to the first
outlet valve to sanitize the fluid flow path therebetween.

15. The sampling system of claim 8, wherein the non-waste
delivery position of the first outlet valve comprises a first
orientation wherein the sample in the fluid flow path can pass
through the first outlet valve for subsequent analysis and a
second orientation wherein no fluid can pass through the first
outlet valve.

16. The sampling system of claim 8, wherein the sanitizing
fluid inlet and gas inlet are both positioned upstream of the
sample collection valve.

17. A method of collecting a fluid sample from an enclosed
container, the method comprising: positioning a sampling
module within a dip tube port of the enclosed container:
opening a sample collection valve in the sampling module
and drawing a fluid sample from the enclosed container into
a chamber of the sampling module: directing the fluid sample
out of the chamber along a fluid flow path; discharging the
fluid sample out of the fluid flow path for subsequent analysis:
closing the sample collection valve: closing a waste valve and
directing sanitizing fluid through a sanitizing fluid inlet along
the fluid flow path past the closed sample collection valve to
sanitize the fluid flow path: and discharging the sanitizing
fluid out of the fluid flow path, wherein after discharging the
sanitizing fluid but before drawing another fluid sample, the
method further includes opening the waste valve and direct-
ing a gas through a gas inlet and along the fluid flow path, and
discharging the gas through the open waste valve to purge the
sanitizing fluid from the fluid flow path, wherein the act of
directing the fluid sample out of the chamber along the fluid
flow path comprises causing a piston to move towards the
fluid sample to force the fluid sample out of the chamber.

#* #* #* #* #*
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